• The Florida-Puerto Rico Collaboration to Reduce Stroke Disparities study represents the first regional initiative of Florida and Puerto Rico hospitals with a focus on identifying race-ethnicity and regional disparities in acute stroke care.
• Survey results on characteristics of participating hospitals in the Florida-Puerto Rico Collaboration to Reduce Stroke Disparities provided important insight into ongoing analyses of temporal, regional, and race-ethnicity differences in acute stroke care among contributing Get With The Guidelines-Stroke (GWTG-S) hospitals in Florida and Puerto Rico.
• Compared with Puerto Rico hospitals, Florida hospitals were larger, more likely certified as stroke centers, and more likely to have participated in the GWTG-S program for a longer duration.
• In addition to fewer years in the GWTG-S program, differences among hospitals in Puerto Rico, primarily in stroke center certification and the implementation of acute stroke care practices, may contribute to identified disparities showing worse performance in nearly all GWTG-S predefined stroke performance metrics and poorer outcomes among patients in Puerto Rico compared with those in Florida.
• Implementation of targeted quality improvement programs, aimed at effecting change at the hospital or system level, may facilitate dissemination of the evidence-based care necessary to reduce disparities and improve overall stroke care.
A lthough national and global mortality rates for stroke have decreased, disease burden secondary to incidence, longterm disability, and economic impact remains high. 1 With racial and ethnic minorities constituting nearly 28% of the US population, race-ethnicity disparities in acute stroke care resulting in significant differences in stroke outcomes continue to be concerning. 2 The American Heart Association Get With The GuidelinesStroke (GWTG-S) program is an ongoing national quality improvement (QI) initiative that monitors stroke performance indicators and provides opportunities to improve care. Participation in stroke registries such as GWTG-S has been shown to improve the overall delivery of acute stroke care and outcomes. 3 The Florida-Puerto Rico Collaboration to Reduce Stroke Disparities (FL-PR CReSD) study, a National Institute of Neurological Disorders and Stroke-funded multicenter initiative, was developed to create high-impact culturally tailored interventions aimed at identifying race-ethnicity and regional disparities in stroke care in a diverse population. As such, the FL-PR Stroke Registry was created to leverage existing GWTG-S data and fill an important gap in stroke research as the first comprehensive examination of race-ethnicity and geographic disparities in stroke care in Florida and Puerto Rico. The registry can be used to plan interventions to reduce disparities specific to these regions.
Florida and Puerto Rico are made up of significant minority populations and can benefit from a stroke QI program focusing on race-ethnicity and regional disparities. In fact, the concentration of Hispanics in Florida and Puerto Rico make them ideal regions to study healthcare disparities.
In this article, we summarized the results of a survey completed by hospital representatives to characterize the hospitals within the FL-PR Stroke Registry. The survey results provide valuable information when relating the conclusions drawn from this study with other statewide registries, can help inform researchers about data representativeness, and can identify important hospital system confounders for analyses. In addition, it is essential to better understand individual and regional hospital characteristics to identify the possible root causes of disparities, which would then allow for the design of targeted interventions to reduce and ultimately eliminate stroke disparities in Florida and Puerto Rico.
Methods

Hospital Selection and Participation
For FL-PR Stroke Registry participation, each hospital received institutional approval and signed an amendment to their existing GWTG-S agreement allowing the University of Miami access to a limited dataset of deidentified aggregate GWTG-S data. The University of Miami institutional review board approved the study.
As of April 2014, 78 hospitals were participating in the FL-PR Stroke Registry: 69 in Florida and 9 in Puerto Rico. These hospitals were asked to complete a 50-question Web-based survey on data elements not captured in GWTG-S. All 78 hospitals completed the survey.
Survey Design and Administration
The survey was administered electronically via SurveyMonkey (SurveyMonkey, Palo Alto, CA) and completed by trained hospital personnel responsible for data collection and abstraction. The survey consisted of seven sections: acute stroke care characteristics (designated stroke care team, stroke care unit, stroke-specific intensive care, dedicated neurological intensive care unit, existing written protocols for ischemic and hemorrhagic strokes, availability of neurological services), emergency medical services (EMS) integration (written plan for receiving stroke cases, EMS prenotification processes, information transfer with EMS protocols), hospital stroke certification (primary or comprehensive stroke center status, public education event participation, recent stroke-related research participation, receipt and provision of stroke-related telemedicine consultation), data abstraction and use (case identification, process for data abstraction and collection, case sampling), quality improvement opportunities, FL-PR Stroke Registry hospital recruitment incentives and challenges, and hospital infrastructure.
Data Analysis
The 78 hospitals included in the survey were divided by region: Florida (overall, south, west central, east central, and north and Panhandle combined) and Puerto Rico. Descriptive statistics were presented for all survey question responses. To compare Florida and Puerto Rico hospitals, χ 2 or Fisher exact tests were conducted with two-tailed P values reported for categorical variables and t tests for means or Kruskal-Wallis tests for medians were conducted for continuous variables.
Results
Hospital Characteristics Overview
Hospital characteristics, stratified by region in relation to size, academic affiliation, stroke center certification status, and years of participation in GWTG-S, are shown in Table 1 . Overall, the Registry hospitals in Florida compared with Puerto Rico were larger (378 vs 169 median number of beds, P < 0.039) and have participated in GWTG-S for a longer period (8.9 ± 2.6 years FL vs 4.8 ± 2.4 years PR, P < 0.0001). These results are consistent at the patient level, regardless of race-ethnicity, as seen in Table 2 . Most hospitals had achieved some level of stroke center certification. Table 3 provides further detailed information regarding primary and comprehensive stroke center certification across Florida and Puerto Rico hospitals. At completion of the survey, 84% of Florida Registry hospitals were at least a certified Primary Stroke Center (PSC). Among the remaining 16% (11 hospitals) with no PSC certification in Florida, only 4 reported no stroke center certification of any kind or ineligibility for stroke center certification 
Acute Stroke Care Hospital Characteristics
The treatment teams and resources available to care for stroke patients in hospitals in Florida and Puerto Rico are described in Table 4 . Most of these hospitals (77% vs 67%, P = 0.39) had a designated acute stroke team defined as at least one physician and one other healthcare provider (eg, nurse) with 24-hour availability and the ability to see patients within 15 minutes of being called. Although most Florida hospitals provided stroke-specific intensive care and had a stroke unit, these services were rare in Puerto Rico, where only one hospital provided stroke-specific intensive care and four of nine hospitals reported having a stroke unit. Almost half of the participating Florida hospitals had a dedicated neurological intensive care unit, whereas the only institution in Puerto Rico that provided this service also was the island's sole certified stroke center.
In both Florida and Puerto Rico, hospitals having a larger number of beds were concentrated near coastal regions (Fig. 1A) . A similar trend for years participating in GWTG-S was seen in Florida, where hospitals participating for the longest period also were located near the coasts. A denser concentration of large hospitals (number of beds ≥450) that have participated in GWTG-S ≥6 years can be seen in the southern and central regions compared with the northern and Panhandle regions (Fig. 1B) . In Puerto Rico, no hospitals have participated in GWTG-S for longer than 10 years and those that have participated the longest (6-10 years) were located near the San Juan metro region. Time in GWTG-S is associated with an increased odds of receiving each GWTG-S predefined stroke performance measure, although the benefit was not distributed equally. The greatest rates of improvement were seen in larger hospitals with more bed capacity, those with the largest annual stroke discharge rates, and those identified as teaching hospitals. 3 In a regional comparison of GWTG-S performance metrics in FL and PR Registry hospitals, hospitals in Puerto Rico performed worse in nearly all observed metrics compared with Florida hospitals. The greatest absolute differences were seen in defect-free care, a GWTG-S composite measure indicating compliance with all predefined stroke metrics among eligible patients, and the achievement of tissue plasminogen activator (tPA) administration within 60 minutes, regardless of hospital arrival time (Table 5 ). Most notably, differences in the Puerto Rican hospital infrastructure may have the greatest impact on the implementation of new stroke treatments such as the endovascular and intravenous management of acute ischemic stroke (0.22% of Puerto Rican patients receive intraarterial tPA vs 5.9% overall in FL). With hospitals in Puerto Rico having a considerably smaller number of beds and lacking availability of the stroke-specific resources necessary to provide optimal patient care, the use of telemedicine, known to enhance the administration of acute stroke therapies, was higher in Puerto Rico (22%) than in Florida (13%; P < 0.01).
Data Collection Processes
From 2010 to 2014, a total of 87,569 stroke cases were captured in the FL-PR Stroke Registry. Case identification may be conducted in a several ways, including prospective clinical identification, retrospective identification with International Classification of Diseases, Ninth Revision discharge codes followed by chart review to confirm case eligibility, or a combination. 3 In total, 77% of Florida hospitals and 89% of Puerto Rican hospitals indicated a combination method as their main process for case identification. In addition, most Florida (48%) and Puerto Rican (78%) hospitals reported approximately equal GWTG-S data abstraction occurred concurrent with care and retrospectively.
GWTG-S provides hospitals the option of sampling cases, in the case of larger hospitals with high stroke volumes, compared with collecting data on all strokes. Despite this, survey results indicated that a majority of hospitals (77% FL, 89% PR) collected data on all patients presenting with a principal clinical diagnosis of stroke or transient ischemic attack.
EMS Integration
EMS practices among the participating hospitals in Florida and Puerto Rico are described in Table 6 . A large proportion of hospitals, both in Florida and Puerto Rico, still lacked a written plan for receiving suspected stroke patients from EMS. Hospital prenotification of suspected stroke cases by EMS was more commonly reported in Florida hospitals (62% always prenotified by EMS) than in hospitals in Puerto Rico (11% always prenotified by EMS; P < 0.01). This advanced notification led to the activation of the stroke team in 76%
of Florida hospitals and 33% of Puerto Rican hospitals (P = 0.02) and less frequently in the activation of written protocols in 66% and 44% of Florida and Puerto Rican hospitals, respectively (P = 0.27). Among hospitals that stated 
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"always" receiving EMS prenotification and subsequently "always" activating their stroke teams (N = 40/69 in FL and N = 0/9 in PR), activation of written stroke protocols occurred "always" in 83% of facilities in Florida. The sharing of patient information and outcomes with EMS was common in Florida hospitals (71%), but rare in Puerto Rico (11%; P < 0.01).
Stroke Education
Most of the Registry hospitals (94% FL, 78% PR) reported providing at least one stroke-focused public education event in the past year. Fewer hospitals (45% FL, 44% PR) participated in stroke-related clinical research, other than the FL-PR Stroke Registry, within the previous year.
Discussion
This survey describes the 78 hospitals that make up the FL-PR Stroke Registry, the first comprehensive registry of Florida and Puerto Rico created to monitor longitudinal trends in disparities in acute stroke care. The Registry has been described in relation to participating hospital-level characteristics, including stroke center certifications, stroke care characteristics, data collection practices, stroke education, and EMS transfer processes. Survey results on participating hospital characteristics provide important insight into ongoing Registry analyses of temporal, regional, and race-ethnicity differences in acute stroke care among contributing GWTG-S hospitals in Florida and Puerto Rico.
Overall, in the Registry, hospitals in Florida compared with Puerto Rico were larger, were more likely academic and stroke-certified centers, and have participated in the GWTG-S program an average of 5 years longer. In addition to fewer years in the GWTG-S program, differences among PR hospitals, primarily in stroke center certification and the implementation of acute stroke care practices (eg, designated stroke team, stroke care protocols, availability of neurological services), may contribute to identified disparities showing worse performance in all GWTG-S predefined stroke performance metrics among patients in Puerto Rico compared with those in Florida overall. 5 Despite absolute improvements over time, the rate of defect-free care was consistently lower in Puerto Rico compared with Florida, regardless of race-ethnicity, as shown in Figure 2 . 6 The widening gap in stroke care between Florida and Puerto Rico further underscores the need for increased healthcare resources in Puerto Rico and continued monitoring of disparities in various metrics of stroke care.
Stroke center certification status has been associated with benefits in acute stroke treatment processes, including more frequent utilization of acute stroke therapies, specifically increased rates of recombinant tissue-type plasminogen activator administration, which translates to better outcomes and standards of care. 7 In addition, stroke center designation is associated with lower mortality for patients with acute ischemic stroke. 8 In Florida, counties with the highest age-adjusted stroke morality rates, ranging from 38.0 to 63.0 compared with the state total rate of 31.3 in 2011-2013, are located in the northern and Panhandle regions. The highest concentrations of PSCs and neurologists, however, are present in the southern and central regions. 4 Whether this translates to better quality of care for stroke patients in these regions remains unknown. Although the FL-PR Stroke Registry fills an important gap in stroke research, the need for special stroke QI programs targeting areas where performance is suboptimal to reduce existing disparities continues. Increased efforts on the part of the FL-PR CReSD will target hospitals located in the southern and western regions of Puerto Rico and the northern and Panhandle regions of Florida where stroke burden is high and engagement in QI programs, including GWTG-S, is low.
An increased level of organized care, including the availability of resources such as designated acute stroke teams and stroke units, has been shown to improve the efficiency of stroke care and outcomes. 9 Hospitals in Puerto Rico had a smaller number of beds and fewer acute stroke-related resources, which often necessitate the hiring of additional personnel with specialized training. Because of these recognized barriers, Puerto Rico faces challenges in delivering the standards of care required for improved acute stroke outcomes. Timeliness of tPA administration following acute ischemic stroke, a metric affected by suboptimal hospital infrastructure and processes, 10 was associated with lower in-hospital mortality and intracranial hemorrhage, along with an increase in the percentage of patients discharged home. 11 The use of innovative and accessible technology such as telemedicine may allow these hospitals to be included in regional systems of stroke care and potentially minimize geographic disparities in access to care and decrease the burden of stroke. 12 Although EMS utilization has been associated with more rapid evaluation and treatment of stroke, more than one-third of stroke patients fail to activate EMS. 13 EMS transportation may enhance prenotification of the receiving hospital, stroke team activation, and facilitation of early imaging and thrombolytic administration; therefore, a thorough understanding of the notification and transfer procedures and relation between EMS and treating hospitals is a vital part of the stroke care continuum.
14 EMS operations and procedures in Florida and Puerto Rico differ greatly. In Florida, well-established prehospital stroke protocols and the creation of a standardized EMS tracking and reporting system (EMSTARS), representing >75% of the state's EMS volume and capturing >12 million records from 2007 to the present, allow for improvement in stroke care. 15 In addition to facing many of the same challenges that affect EMS in the continental United States, including healthcare workforce shortages and long emergency department wait times, Puerto Rico faces unique challenges for improvement within their fragmented EMS system, including a lack of standardized stroke-specific systems of care, data collection, and prearrival protocols. 16 Many hospitals both in Florida and Puerto Rico lacked a written plan and protocol for receiving suspected stroke patients from EMS. In addition, prenotification by EMS was less common in Puerto Rico. This is important because among several strategies proven to reduce door-to-needle times, ambulance prenotification to the receiving hospital with inbound patient details allows for early activation of the stroke team and reduces delays in thrombolysis equating to a greater likelihood of improved outcomes. 17 In addition, QI efforts in the prehospital setting focused on reducing delays in patient arrival to the emergency department are necessary to reduce onset to thrombolysis treatment time and increase recombinant tissue-type plasminogen activator utilization. 18 Accessing patient outcomes from receiving hospitals is a barrier in many EMS systems because of privacy concerns. Information sharing between EMS providers and the hospital is an important way to foster this critical treatment relationship and provide feedback to EMS that can be used to improve care in the future. As such, efforts to increase EMS accessibility to patient outcomes, particularly in Puerto Rico, where the survey results indicated that this was a rare occurrence, are needed.
Despite national and global decreases in stroke mortality and improvements in acute stroke therapy, the populationparticularly those at risk of stroke, older members of the population, ethnic minority groups, and those with lower levels of education 19 -remains largely uninformed about stroke warning signs and risk factors. Most Registry hospitals reported providing at least one stroke public education event within the last year. Health education campaigns can increase community stroke awareness and may affect critical factors influencing stroke outcomes, including time-to-hospital presentation and pre-and poststroke risk factor modifications.
The desire to enhance the quality of care provided to patients was the main incentive for Registry participation both in Florida and Puerto Rico. In Puerto Rico a tie for the second-most important reason for Registry participation was access to/training in the GWTG-S tool and hospital recognition compared with Florida hospitals, which reported networking opportunities and information sharing. Additional efforts to enforce wider implementation of evidence-based stroke QI programs such as GWTG-S could further improve acute stroke care in Puerto Rico.
The strengths of the Registry include the utilization of standardized data collected in the well-established GWTG-S database, the focus on the two geographically sizeable regions of Florida and Puerto Rico with large and diverse minority populations, and the unique focus on race-ethnicity disparities in acute stroke care. The limitations include lower GWTG-S participation rates and subsequent Registry participation in Puerto Rico, particularly in densely populated rural areas outside San Juan. Similarly, all Florida Registry hospitals were classified as urban and were concentrated mostly on the southern and western coastal regions of the state. In both Florida and Puerto Rico, involving smaller geographically isolated hospitals in stroke systems of care is important to minimize geographical disparities in access to care. Although the collected hospital survey data are important to interpret and possibly explain identified disparities in the Registry cohort, the descriptive analysis used to summarize and present results may make wider statewide and national GWTG-S hospital generalizations difficult.
Conclusions
The FL-PR Stroke Registry represents the first regional initiative of Florida and Puerto Rican hospitals with a focus on identifying race-ethnicity and regional disparities in acute stroke care. Survey results indicated variability in hospital-and system-level characteristics among Florida and Puerto Rican hospitals participating in the Registry. The identification of variations among hospital characteristics, which may explain potential disparities, can help clinicians understand gaps in stroke care and regional outcomes. Implementation of targeted QI programs, aimed at effecting change at the hospital or system level, may facilitate dissemination of the evidence-based care that is necessary to reduce disparities and improve overall stroke care.
